Cytochrome b-559 was purified from spinach leaves and antibodies were made aginst it in rabbit. Using affinity-purified, monospecific antibodies, we have found that cytochrome b-559, which is closely associated with the primary photochemical activity of photosystem II, is localized exclusively in the grana thylakoids.
by other work (2) .
In the present investigation we used immunohistochemical labeling to demonstrate that Cyt b-559 is localized solely in the grana thylakoid membranes.
MATERIALS AND METHODS
Cyt b-559 from spinach leaves was purified to homogeneity by the methods of Garewal and Wasserman (7) and Zielinski and Price (15) . The Anti-Cyt b-559 was bound to the resin by passing crude antiserum through the column several times and washing with PBS in 1 M NaCI to elute contaminating proteins. The bound antiCyt b-559 was then eluted with 3 M MgCl2 (pH 7.5) and immediately passed through a Sephadex G-25 column which had been previously equilibrated with PBS. The specificity of both the crude antisera and the purified IgG was ascertained using pure protein as well as ethanol-extracted Chl particles (solubilized in 4% Triton X-100 by sonication) with immunoblotting procedure (14) . Purified Cyt b-559 and ethanol-extracted Chl particles were run on slab gels (10% acrylamide) and electrophoretically transferred onto nitrocellulose sheets. Remaining free active sites were blocked by incubating with 3% BSA in TBS for 4 h at 37°C. Each lane was cut out and the strips were incubated either in the crude antiserum (0.05 ml of antiserum in 5 ml of TBS with 3% BSA + 0.02% NaN3) or affinity-purified IgG (1 gg/ml) for 4 h at 37TC with gentle agitation. After washing thoroughly with TBS to remove the unbound proteins, the strips were incubated overnight at 37°C in 105 cpm of '25I-protein-A in 5 ml of TBS with 3% BSA + 0.02% azide. The strips were then washed several times with TBS, air dried and exposed to x-ray film.
Small 
RESULTS AND DISCUSSION
Cyt b-559 was purified to homogeneity as indicated by disc gel electrophoresis for nondenatured protein as well as by SDS-PAGE. The absorption spectrum of the reduced Cyt b-559 and the reduced minus oxidized difference spectrum were identical to respective spectra published previously (7) .
The polyclonal antibodies raised against Cyt b-559 in the rabbits were monospecific as shown in Figure 1 . Both the crude antiserum and affinity-purified IgG gave single bands by autoradiography corresponding to Cyt b-559, thus indicating that the antibodies were specific to Cyt b-559 and no other cross-reacting antibodies were present in our preparation. Even though the crude antiserum itself was monospecific, affinity-purified IgG was used for the labeling studies in order to provide extra protection against nonspecific labeling.
The gold labeling (Fig. 2) shows that the Cyt b-559 was located only in the regions of the grana stacks with no apparent labeling ofthe stroma lamellae. This result was reproduced in all electron micrographs and all visual observations throughout more than a dozen different labeling experiments. Gold gave a greater contrast in labeling than ferritin and permitted a higher degree of negative staining to bring out the chloroplast structures. The contrast was not as stark with ferritin (Fig. 3) , but the density of labeling was greater. Here also the label was found only in the grana stacks. The extent of nonspecific labeling (Fig. 3 inset) obtained by using nonimmune IgG was minimal.
In earlier studies, using an aqueous two-phase partition method (1) , it was shown that there is a marked depletion of PSI Chl protein complex in the appressed membranes of grana from spinach. In contrast, stroma thylakoids were enriched in PSI, although they always contained a small component (10-15%) of PSII as well (3, 4, 9, 12) . Melis and Homann (10) proposed the existence of two types of PSII reaction centers (a-centers and IBcenters), which are spatially separated on the thylakoid membranes, and suggested that the more abundant PSIIa is located exclusively in the membrane of grana partitions while PSII, is located in stroma exposed thylakoids (1 1). A small amount of PSII in stroma thylakoids reported by other investigators (3, 4, 9) may represent PSII,. Our results clearly show that Cyt b-559 is localized specifically in grana thylakoids. Only about 1% of total labeling was associated with the stroma membranes, and much or all of that 1% may well represent nonspecific labeling. Since the antibodies used in this study were polyclonal, they presumably label both the low and high potential forms of Cyt b-559. Consequently, the virtual absence of labeling over the stroma membranes indicates that neither the low potential nor the high potential form of Cyt b-559 is present on the stroma membranes. This means that only PSIIa reaction centers possess Cyt b-559; PSII, reaction centers do not. These results agree with the recent work of Ghirardhi and Melis (8) who found that the absence of grana from bundle sheath chloroplast was accompanied by depletion in both PSII, and Cyt b-559 but not in PSII,. However, there is a possibility that our antibodies would only bind to one form of Cyt b-559, i.e. the low potential form of Cyt b-559. If this is true our results suggest that only PSIIa reaction centers possess the low potential form Cyt b-559. From these findings one may speculate that the PSII present in the stroma thylakoid plays a different physiological role than the PSII present in the grana thylakoid.
